INTRODUCTION
In previous work [1] an examination was made of the role of different types of chemical treatment of the surface of glass fi bres in the formation of the adhesive and, accordingly, the strength properties of glass fi bre reinforced plastics (GFRPs) based on a thermoplastic matrix (TPM). It was suggested that, in the case of nonpolar TPMs, with insuffi cient mechanical and physical interconnectedness of the components, their adhesion interaction at the phase boundary can be enhanced by the formation of near-boundary chemical bonds.
In the context of the above, the aim of the present work was to attempt to establish a chemical interconnection between the surface of the binder and the PE matrix by means of irradiation combined with different types of chemical treatment of the binder. It must be noted that radiation transformations of polyethylene have been studied fairly widely [2] [3] [4] [5] [6] [7] and have been widely used in practice [2, 6, 7] . However, the occurrence of these processes in the presence of a glass fi bre fi ller has hardly been studied.
EXPERIMENTAL
The process of modification of GFRPs based on thermoplastic matrices under the action of radiation was followed by measuring the tensile strength of single-layer microplastics [1] as a function of the radiation dose.
The 60
Co γ-irradiation of ready-made specimens of compression moulded microplastics was carried out on a "Gammatok-100" unit at 23°C in air and in vacuum. In the latter case, before irradiation, the microplastic specimens were placed in glass ampoules, degassed in a vacuum unit at room temperature to 0.13 Pa, and sealed up. A parallel study was made of the effect of radiation on the tensile strength of specimens of the initial PE matrix, cut out in the same way as in the case of reinforced microplastic in the form of dumb-bell testpieces.
RESULTS AND DISCUSSION
The strength properties of model composites subjected to radiation can chiefl y be determined by four simultaneously occurring processes:
• degradation of the polymer chains of the matrix under the action of the radicals formed;
• crosslinking of the polymer chains by reactions of chain transfer and recombination of polymer radicals;
• grafting of the polymer chains of the matrix to the surface of the reinforcing fi bres by the reaction of rupture;
• radiation damage of the reinforcing fibres themselves.
It is obvious that the intensity of each of the above processes will depend on the radiation dose and the
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irradiation conditions: in air, in vacuum, or in an inert gas atmosphere. In fact, as can be seen from Figure 1 , curve 1, during irradiation in air, the values of the tensile strength σ t for microplastics based on a polyethylene matrix applied to annealed glass fabric E-180 pass, depending on the radiation dose, through a maximum in the region of fairly large (unfavourable from the viewpoint of a continuous production process) radiation doses of ~100 Mrad. The maximum achieved strengthening of the microplastic amounts to 50%. At the same time, during the irradiation of specimens of microplastics in vacuum, a rapid (more than twofold) increase in tensile strength is observed at low (4-10 Mrad) doses (Figure 1 , curve 2). The fact that, with increase in the radiation dose to 100 Mrad, the values of σ t for the initial PE fi lm are halved (from 28 to 14 MPa), while for the microplastic they increase, may indicate the emergence of chemical bonds between the surface of the binder and the PE matrix. It seems that, in the course of the radiolysis of GFRPs, recombination of polymer radicals and radicals formed on the binder surface occurs. During the radiolysis of GFRPs in air, oxidation of the radicals occurs, as a result of which peroxide macroradicals are formed, which are less active than the initial alkyl macroradicals. Consequently, the effect of a vacuum, connected with reduction in the oxygen content in the reaction zone, should be manifested by an increase in the activity of the macroradicals interacting with the surface of the binder. The very fact that the strength properties of PE prepregs increase considerably during irradiation in vacuum is of considerable scientifi c interest, since it indicates a way of increasing the chemical interconnectedess of the PE matrix with the surface of the binder through an increase in the yield of active radicals. However, the organisation of a continuous process for the strengthening of prepregs under the action of radiation in vacuum is practically impossible.
As alternative approaches to increasing interphase interaction of components it is possible to use either the development of the surface of the binder by acid etching or the use of surface additives or fi nishing agents capable of increasing the yield of active radicals during irradiation in air. The fi rst path presupposes an increase in the number of chemical bonds between the surface of the binder and the PE matrix at the same dose or a reduction in the optimum radiation dose. As can be seen from Figure 1 , with increase in the radiation dose, the values of tensile strength for microplastics based on glass fabric with a developed specifi c surface of 10 m 2 /g (curve 3) and 20 m 2 /g (curve 4) likewise pass through a maximum, the position of which, with increase in the values of S sp , is displaced towards low radiation doses. However, the degree of increase in the value of σ t at the point of the maximum decreases appreciably, i.e. it does not prove possible to achieve the anticipated synergism from the action of the two factors (development of the binder surface and irradiation).
The main reasons for the observed results may be surface defects of the binder, the number and scale of which should increase during acid etching of the surface of the binder [1] , and also on account of radiation damage of the reinforcing fi bres themselves. Thus, an attempt to increase the chemical interconnectedness of the PE matrix with the binder surface by the development of the latter proved unsuccessful on account of the low level of the modifying effect in technical and economic terms.
In connection with the ineffective use of the above combined approach of surface treatment of the binder, an attempt was made to combine the action of radiation and chemical modifi cation of the binder surface. As modifi ers of the binder surface and, at the same time, potential chain transfer agents, use was made of compositions previously exhibiting [1] the greatest modifying effect. We will list them in order of increasing modifying effect: a polymeric fi nishing agent based on polyketone (POK) (σ t = 144 MPa), an industrial silane fi nishing agent of grade AGM-9 (155 MPa), and an industrial starch-based lubricant (201 MPa), whereas, for a polyethylene prepreg based on annealed glass fabric, σ t = 60 MPa.
POK used as a polymeric fi nishing agent [1] does not form chemical bonds with the binder surface but is capable of causing the bonding together of monofi bres through the formation of strong hydrogen bonds between the carbonyl groups of the polymer and the hydroxyl groups on the binder surface. At the same time, silane fi nishing agent AGM-9 is capable of entering into reaction with the hydroxyl groups on the binder surface, ensuring effective bonding together of monofi bres into glass strands. Furthermore, it is known [8] [9] [10] [11] [12] that silanes and polysiloxanes are widely used for modifi cation of the PE matrix itself under the action of radical initiators and UV irradiation and radiation treatment. It could be assumed that a polysilane fi nishing interlayer formed by hydrolysis and polycondensation transformation of the initial monomeric composition [1] is capable of acting as an effective chain transfer agent to the binder surface. As a result, an increase in adhesive strength and accordingly in tensile strength of the microplastic should be observed. However, it turned out that the radiation behaviour of all the above microplastics differs considerably from the behaviour of microplastics not treated with a fi nishing agent. As can be seen from Figure 2 (curves 1-3), instead of the anticipated effect of strengthening of the microplastic during radiolysis, at low radiation doses, for all modifi cations, a fall is observed in the values of σ t , inversely proportional to the radiation dose. Here, from Figure 1 it can be seen that, the higher the strength of the initial non-irradiated microplastic, the more severe is the fall in strength during radiolysis. It is noteworthy (Figures 3 and 4) that the values of the elastic modulus E t as a function of the radiation dose change similarly to the strength values.
This fact makes it possible to assume that, according to the known Griffi th's formula of critical strength [13] σ γ π
(where E is the Young's modulus, γ is the specifi c surface energy, and l cr is the size of the critical defect), the critical strength for the given composite system is determined chiefl y by the elasticity factor, which, as indicated earlier [1] , depends on the degree of cooperation of the work of monofi bres in the complex strands and of the complex strands themselves in the reinforcing fabric.
Fairly rapid fall in σ t under the action of radiation on the fi rst section may, it seems, be attributed to the (3); with ternary copolymer of carbon monoxide, ethylene, and dicyclopentadiene (4) domination, at this stage, of processes of local failure of the fi nishing adhesive interlayer between the monofi bres of the complex strands, which is subjected to the action of residual internal stresses. It is obviously this that should lead to a reduction in the degree of cooperation of the participation of monofi bres in the work of failure and accordingly to a reduction in the elastic and strength properties of the microplastic. Note that the residual stresses at the interface of components in the composite may be of shrinkage nature (for example, in the case of polycondensation of a silane fi nishing agent). However, the main contribution to their general level should be made by residual stresses of a thermal nature, localised close to the binder surface and arising on account of the difference in the coeffi cients of thermal expansion of the polymer matrix and reinforcing fi bres [14, 15] . The greater the bonding effect of the fi nishing agent, the higher are the internal thermal stresses that should arise in the fi nishing interlayer during high-temperature forming of microplastics. Therefore, during subsequent radiation treatment of the high-strength specimens formed, it is the stressed microsections of the fi nishing interlayer that become the primary generators of radicals and other irradiation products at low radiation doses. Earlier it was observed [16, 17] that, the stronger the bond between the binder and the polymer matrix, the higher are the strength (shear) characteristics and the higher are the residual internal stresses.
It must be noted that tests were carried out in the direction of the fabric warp, i.e. the main load applied to a single-layer specimen was exerted on longitudinal complex strands. It is obvious that the uniformity of distribution of the load on these (bearing) strands (or the degree of cooperation of their work during deformation of the microplastic) should depend on the rigidity of the complex strands positioned in the transverse (weft) direction, and also on the strength of the bonding together at points of contact of the intersecting strands. The rigidity (elastic modulus) of the complex strand should in turn depend on the degree of cooperation of the work of the monofi bres comprising it (up to 600 fi bres). Therefore, the effectiveness of preliminary surface treatment of the binder should depend on how much a specifi c method of treatment of the binder affects the elastic modulus of the complex strands and partially the strength of bonding together at the points of contact of the intersecting strands.
Thus, it is the high bonding capacity of the surface modifi ers in relation to the monofi bres, ensuring their strengthening effect during the forming of microplastics before irradiation, that, during radiation treatment, results conversely in the rapid degradation of the fi nishing interlayer and the rapid fall in strength and elastic modulus at low radiation doses.
The anticipated effect of further increase in the strength of the microplastic through radiation grafting of macromolecules of the PE matrix to the binder surface becomes marked only at fairly high radiation doses, when effects of radiation degradation of the PE matrix itself and the reinforcing fi bres begin to dominate. This is indicated by the appearance of strength maxima in the region 50-100 Mrad (Figure 2, curves 2 and 3 ).
In the case of the use of polymeric fi nishing additives that result in a less signifi cant strengthening effect (not exceeding 50-60%), for example PVA, PFP, ternary copolymers of carbon monoxide, ethylene, and norbordiene (CO-NBD), or dicyclopentadiene (CO-DCPD), no reduction in the strength properties of microplastics occurs. On the other hand, a small increase in strength is observed, particularly characteristic in the case of the use of CO-DCPD (Figure 2, curve 4) . In the latter case, a strengthening effect is observed up to 70 Mrad and seems to be due to fastening of the intermediate layer to the PE matrix through radiation activation of the residual double bonds contained in both polymers.
It must be stressed that the conducted investigations of the complex action of surface treatment of the binder and radiation treatment on the strength properties of model glass fi bre reinforced plastics make it possible not only to reveal a modifying effect of radiation but also, which is equally important, to assess the radiation stability of these GFRPs. The above results also make it possible to predict the infl uence of a modifi ed binder surface on the radiation stability of GFRPs based on other matrices, which is the subject of other reports.
CONCLUSIONS
Thus, the results obtained make it possible to draw the following conclusions:
1. It has been shown that, with increase in the radiation dose in air, the tensile strength of a microplastic based on a PE matrix passes through a maximum at 100 Mrad, whereas the tensile strength of the PE matrix itself falls appreciably.
2. These results indicate the formation of chemical bonds between the polymer matrix and the surface of the glass fi bres.
3. Sharp increase in the strength of the microplastic during irradiation in vacuum, observed at doses of 1-5 Mrad, indicates that the effectiveness of the process of formation of chemical bonds between the polymer matrix and the surface of the glass fi bres depends considerably on the amount and stability of radicals formed in the PE matrix.
4. It has been found that, during the irradiation of microplastics prestrengthened considerably beforehand by the application of polymeric fi nishing agents and lubricants, at the initial stage of increase in the radiation dose there is a fall in strength that is inversely proportional to the dose.
5. This effect, accompanied with a fall in the values of the elastic modulus, is due to initial failure of the stressed adhesive interlayer between the microfi bres of the complex strands, which leads to a reduction in the degree of cooperation of the work of monofi bres during loading of the microplastic.
